Abstract: In 2005 and 2006, epiphyton samples were collected from seven lowland and montane peat bogs in Slovenia. Water temperature, pH, conductivity, dissolved oxygen and saturation were measured at the same time. Diatoms, desmids and Cyanobacteria were the most abundand groups in species number. Canonical Correspondence Analysis (CCA) was carried out on Cyanobacteria, diatom and desmid flora composition. This analysis showed that shading was the most important parameter in Cyanobacteria distribution and bedrock the most important one in that of diatoms and desmids. Cluster analyses were carried out based on the Cyanobacteria, diatom and desmid data. The Cyanobacteria and diatom data separated sites, whereas the desmid data revealed a temporal aspect.
Introduction
Sphagnum bogs and related mire communities represent one of the major vegetation types beside forests and grasslands at higher latitudes of the Northern hemisphere and they are, even though not that characteristic, abundant in the cooler and wet temperate regions (Borics et al. 2003) . In Slovenia, sphagnum bogs occur sporadically due to edaphic reasons. Marshy ecosystems are endangered in Slovenia the same way as in all of Europe (Mulec et al. 2005) . Raised bogs are situated in the montane zone of Julian Alps and Pohorje and well protected. Lowland raised bogs are almost all destructed except several small areas in Central Slovenia. Transitional bogs and fens are more endargened. They are surrounded by meadows, other agricultural land or urbanized industrial zones. Sphagnum bogs are quite well investigated in Poland (Pietryka 2000) , Austria (Rauch et al. 2005) , Italy (Dell'Uomo et al. 1992; Dell'Uomo & Pellegrini 1993) , Czech Republic (Lederer 1999; Neustupa et al. 2002; Poulíčková et al. 2005) and Spain (Cambra & Hindák 1998) . Despite their high biodiversity, the algae in peat bogs are poorly examined in Slovenia. Prior to this study, only Pevalek (1924) , Lazar (1960 Lazar ( , 1975 and Krivograd & Vrhovšek (2003) examined the algae in Slovenian peat bogs and fens. Diatoms were not included in the first two studies. The present study represents the first investigation of algae in the bog-lake of Črno jezero at the Pohorje montane range (the only lake with acidic pH in Slovenia), the bog of Žejna dolina and the bog at Holmec.
Bogs are important ecosystems for the conservation of biodiversity in Europe (Succow & Joosten 2001) . However, many bogs have been destroyed by human activities, such as peat extraction, land reclamation or drainage of ground water for development purposes (Rauch et al. 2006 ). An ecosystem approach based both on biological and hydrological studies is necessary for the conservation of these landscapes. In peat bogs, diversity of some groups of algae (desmids) can be very high and many taxa appear to be restricted to these habitats (Lenzenweger 1996 (Lenzenweger , 1997 (Lenzenweger , 1999 .
In this study, the epiphyton species composition, relative abundance and environmental factors (pH, temperature, conductivity, oxygen saturation, dissolved oxygen, bedrock, shading, altitude) in seven peat bogs in Slovenia have been studied. An initial standing assumption is that spatial and temporal differences in the predominant extreme environmental conditions of selected environments can affect the occurence, relative abundances of different epiphyton species and, in addition, influence a specific epiphyton community composition. Direct gradient analysis allowed us to study a part of the variation in community composition that can be explained by a particular set of environmental variables.
The bog-lake Črno jezero at Pohorje is an artificial montane retarding basin, used in the past for floating the timber to the valley. The bog is surrounded by a belt of bottle sedge community (Caricetum rostratae Osvald), passing into a belt of montane pine (Pinus mugo Turra) and further to a pine forest (Picea abies). The bog-lake is fed by precipitation and four brooks. Sampling and measuring environmental parameters was performed on 21.5. 2005, 6.8.2005, 4.11.2005 and 28.5.2006 .
The bog of Žejna dolina is a lowland fen. Small pools with Sphagnum on the margins are located between trees (Salix sp., Pinus nigra Arnold). Besides the precipitation, the bog is supplied by a source. Submerged macrophytes are present in the small pools. Sampling and measuring environmental parameters was performed on 13.5.2005, 19.8.2005, 9.11.2005 and 16.6.2006 .
The bog at Holmec is a lowland peat bog surrounded by a pine forest (Picea abies). The majority of the bog area is overgrown by Typha latifolia L. and Menyanthes trifoliata L. The bog has no free-water surface and it is supplied by precipitation and groundwater. Sampling and measuring environmental parameters was performed on 8.5.2005, 24.7.2005, 31.10.2005 and 25.3.2006 .
The bog of Mali plac in Ljubljana Marsh is a lowland bog. A live bog with stagnant water where peat could form no longer exists. The peat moss is present only in the western part of the bog. Typhetum latifoliae Lang is the dominating community. The bog has a free-water surface and it is supplied by a brook. Sampling and measuring environmental parameters was performed on 23. 1.2005, 26.5.2005, 19.8.2005, and 9.11.2005 .
The bog of Ledina at Jelovica is a montane peat bog resulting from the owergrowing of a deeper lake. The remainder of the lake is a small water body surrounded by peat moss. Submerged macrophytes are also present. The bog is supplied by precipitation and three brooks; there is no contact with groundwater. Sampling and measuring environmental parameters was performed on 28.6.2005, 9.9.2005, 16.11.2005 and 22.6.2006 .
Sampling and sample processing
Qualitative samples of epiphyton were taken in different seasons once per season in 2005 and 2006 in seven peat bogs in Slovenia. Four samples were taken in each peat bog, except at the sampling point 2 where only three samples were taken due to the desiccation of the peat bog. The algal samples were squeezed out of water mosses. At the same time, the water temperature, pH, conductivity, dissolved oxygen and saturation were measured by the WTW Multiline/F meters. For identification we followed: Starmach (1966 Starmach ( -1983 , Hortobágyi (1973) , Ettl (1978 Ettl ( , 1983 , Hindák et al. (1978) , Rieth (1980) , Krammer & Lange-Bertalot (1997 -2004 , Popovsky & Pfiester (1990) , Hindák (1996 Hindák ( , 2006 , Lenzenweger (1996 Lenzenweger ( -2003 , Krammer (2000) , Komárek & Anagnostidis (1998 and Wo lowski & Hindák (2005) . The algal taxa were identified directly from living material. The diatoms were examined after preparation according to Schaumburg et al. (2004) . Light microscopes Nikon Eclipse E400 and Nikon Eclipse TE300 were used to determine the taxa. The relative abundances of algal taxa (Table 1) were estimated by the numbers 1, 3 and 5 (1-single, 3-customary, 5-dominant) (Pantle & Buck 1955) . We assesed abundance of diatom taxa from permanent slides (Schaumburg et al. 2004 ) and abundance of taxa from other algal groups from living material.
Data analysis
A cluster analysis comparing dates (Bray-Curtis coefficient of similarity) was performed on the matrixes of relative abundance estimations using the programme CLUSTER (Šiško 2003) . The relative abundance estimations and the environmental data (Table 2) were analysed by the canonical corresponding analysis (CCA), using the programme CANOCO for Windows 4.5 (ter Braak & Šmilauer 2002). We did not use any transformation of the environmental data.
Results and discussion

General description
The analysis of epiphyton data showed a high species number in most of the peat bogs included in the study (Table 3) . Bacillariophyceae, Desmidiales (Zygnematophyceae) and Cyanobacteria were the groups which contributed most to the high species number. In total, 337 taxa and 10 algal classes were identified in all seven peat bogs (Table 3) . By the number of identified taxa, diatoms prevailed with 157 (47%) taxa, followed by Zygnematophyceae with 75 (22%), Cyanobacteria with 50 (15%), Chlorophyceae with 35 (10%), Xanthophyceae with 8 (2%), Dinophyceae with 3 (1%), Chrysophyceae with 3 (1%), Euglenophyceae with 3 (1%), Charophyceae with 1 (0.5%) and Florideophyceae also with 1 taxa (0.5%). With respect to the identified taxa, diatoms dominated in all seven bogs (Table 3) , followed by Zygnematophyceae (Desmidiales) in the bog- Soukupová et al. (2001) . The bog of Mali plac in Ljubljana Marsh used to be a real peat bog until 1993 when the runoff was changed, which resulted in a considerable rise of water level. Subsequently the water drained, but substantial changes occured in vegetation, peat moss largely disappeared, remaining to a lesser extent only in the western part of the bog, which was most likely the reason for a low number of desmid group members. Diatoms and desmids are usually dominant in bog waters (Mataloni & Tell 1996; Watanabe et al. 2000; Krivograd Klemenčič & Vrhovšek 2003; Negro et al. 2003; Borics et al. 2003; Muñoz et al. 2003) . Cyanobacteria are normally a good indicator of eutrophication; however, other authors report that Cyanobacteria are also an important component of algal communities in oligotrophic environments (Krivograd Klemenčič & Vrhovšek 2003; Muñoz et al. 2003 , Borics et al. 2003 Rauch et al. 2006) . Cyanobacteria, which strongly colour the water, are the most important group of algae in waters with high concentration of organic matter. Due to low light intensity in such waters and facultative heterotrophy, the Cyanobacteria have an advantage over the eucariontic algae (Muñoz et al. 2003) . The representatives of class Chlorophyceae were present in all seven bogs, with the largest number of species in the bog II, the bog-lake Črno jezero and the bog at Holmec. In the lake of Črno jezero, the dominant species in May 2005 was Microspora pachyderma (Wille) Lagerheim, with frequent occurrence of the species Stigeoclonium tenue Kützing (the bog I, the bog-lake Črno jezero, the bog of Mali plac), the species of the genus Oedogonium Hirn (the bog I, the bog-lake Črno jezero, the bog of Ledina), Draparnaldia plumosa (Vaucher) Agardh (the bog-lake Črno jezero) and Chlamydomonas Ehrenberg (the bog II). Presence of taxa Stigeoclonium Kützing, Oedogonium and Chlamydomonas point to an increased quantity of nutrients in oligotrophic bogs at low pH values. Pietryka (2000) reports on the occurrence of Microspora pachyderma species in peat bogs in Poland. Three taxa of the Dinophyceae were identified in the investigated peat bogs: Amphidinium sphagnicola Conrad was present in the bog of Žejna dolina. The species in the genus Gymnodinium Stein were massively present in May in the bog at Holmec and in January in the bog of Mali plac. The Peridinium Ehrenberg was identified in the bog II. Graham et al. (2004) report on massive occurrence of species of the genera Gymnodinium and Peridinium in a peat bog (Wisconsin, USA), but the mentioned genera are characteristic also of European bogs (Nováková 2002; Muñoz et al. 2003; Rauch et al. 2006) . Only some algal taxa were identified of the Euglenophyceae, Xanthophyceae, Chrysophyceae, Florideophyceae and Charophyceae. The representatives of the Euglenophyceae were present in the bog II, the bog-lake Črno jezero and the bog at Holmec. Euglenophyceae are characteristic of eutrophic waters (Wo lowski & Hindák 2005 ), but they are often present also in oligotrophic peat bogs (Mataloni & Tell 1996; Watanabe et al. 2000; Muõz et al. 2003; Borics et al. 2003; Rauch et al. 2006) . The presence of the Euglenophyta representatives in oligotrophic waters can be explained by their ability of active movement which allows them to reach the optimum light conditions and concentration of nutrients (Muñoz et al. 2003) .
Cyanobacteria
Among 50 identified Cyanobacteria taxa 33 taxa were found in Slovenian bogs by Pevalek (1924) , Lazar (1960, 1975) and Krivograd & Vrhovšek (2003) and 17 taxa were identified for the first time in Slovenia. Cyanobacteria were present in larger number in the bog II, the bog of Žejna dolina, the bog at Holmec and the bog of Mali plac. Species of the genus Anabaena Bory are characteristic of peat moss islands (Muñoz et al. 2003) , as the fixation of atmospheric nitrogen enables them to thrive in oligotrophic peat bogs (Basilier et al. 1978) . The species Phormidium amoenum Kützing occurred massively in the bog II, while other common species were Aphanothece microscopica Nägeli (the bog at Holmec), Merismopedia hyalina (Ehrenberg) Kützing (the bog at Holmec), Geitlerinema splendidum (Greville ex Gomont) Anagnostidis (the bog II), Gomphosphaeria aponina Kützing (the bog of Žejna dolina), Phormidium Kützing ex Gomont (the bog of Žejna dolina), Pseudanabaena biceps Böcher (the bog of Že-jna dolina), P. catenata Lauterborn (the bog of Žejna dolina), Tychonema bornetii (Zukal) Anagnostidis & Komárek (the bog of Žejna dolina, the bog of Jelovica) and Anabaena augstumnalis Schmidle ( the bog-lake Črno jezero). The species A. microscopica, G. splendidum and P. catenata were common in peat bogs in the Czech Republic (Nováková 2002) . Pietryka (2000) reports on the presence of the species Anabaena augstumnalis in peat bogs in Poland and Krivograd Klemenčič & Vrhovšek (2003) confirmed the presence of the species G. aponina in the bog of Lovrenška jezera in Slovenia. Patrick (1977) wrote that in low pH waters with a high content of humine acids, the following genera prevailed among the diatoms: Eunotia Ehrenberg, Frustulia Rabenhorst and Pinnularia Ehrenberg; the Tabellaria flocculosa (Roth) Kützing species is also common. T. flocculosa was present in six bogs; it appeared massively in the bog-lake Črno jezero and the bog of Ledina, and individually in other bogs. In total, the Eunotia genus was represented by 11 taxa, the Frustulia genus by two and the Pinnularia genus by 18 taxa.
Diatoms
The largest number of species in the Eunotia and Pinnularia genera was recorded in peat bogs with acidic pH and low conductivity: the bog I and the bog-lake Črno jezero. A high number of species in the Pinnularia genus (10) were recorded also in the bog of Mali plac. Among the identified diatom taxa, the Nitzschia gracilis Hantzsch species, common in European bogs (Muñoz et al. 2003) , was present in the bog-lake Črno jezero and the bog of Mali plac. The following taxa also occurred massively: Achnanthes minutissima Kützing (the bog of Žejna dolina and the bog of Ledina), Anomoeoneis vitrea (Grunow) Ross (the bog of Žejna dolina), Eunotia bilunaris (Ehrenberg) Mills (the bog at Holmec), Navicula radiosa Kützing (the bog II and the bog of Ledina) and Nitzschia hantzschiana Rabenhorst (the bog II). A. vitrea is a species characteristic of acid bogs occurring within the pH range from 3.6 to 6.5 (Poulíčková et al. 2001) . The species Achnanthes minutissima, Eunotia bilunaris, Gomphonema parvulum Kützing, Pinnularia gibba Ehrenberg and P. maior (Kützing) Rabenhorst were present in all seven bogs. The above-mentioned species are cosmopolitan, i.e. present in bogs throughout the world (Mataloni & Tell 1996; Mataloni 1999; Pietryka 2000; Watanabe et al. 2000; Nováková 2002; Negro et al. 2003; Muñoz et al. 2003 , Krivograd Klemenčič & Vrhovšek 2003 .
Desmids
Desmids are known as ecologically highly sensitive organisms living in less productive (oligo-to mesotrophic) waters. The most abundant desmid communities are found in places with a relatively low content of electrolytes -low electric conductivity and alkalinity (Gligora & Plenković-Moraj 2003) . The proper habitat for desmids is acid peat bog water, where they reach the highest diversity (Dell'Uomo & Pellegrini 1993); desmids are common in peat bogs where peat moss consumes the nutrients from water and thus maintains the oligotrophic conditions necessary for their thriving (Muñoz et al. 2003) . Negro et al. (2003) Table 3 .
than in less acid ones. Within this study, the largest number of desmids was identified in the bog-lake Črno jezero and the bog of Ledina, with acid pH and in the bog of Žejna dolina with basic pH. Among 75 identified desmid taxa in this study 60 taxa were found in Slovenian bogs by Pevalek (1924 ), Lazar (1960 , 1975 and Krivograd & Vrhovšek (2003) and 15 taxa were identified for the first time in Slovenia. All representatives of desmids were present only individually; the research of other authors confirms that the desmids occurr in bogs in a large number of species, but with low specimen representation (Dell'Uomo & Pellegrini 1993; Mataloni 1999; Krivograd Klemenčič & Vrhovšek 2003; Muñoz et al. 2003) . The genera with the highest number of taxa were Cosmarium Corda ex Ralfs (21) and Closterium Nitzsch ex Ralfs (18). In peat bogs, desmids occur especially in small pools; however, they are less common at raised parts of bogs (Muñoz et al. 2003) . Desmid communities were reported to be reacher in bogs with open water and moss carpets than in those with moss carpets only (Young et al. 1986) . The bog at Holmec is completely overgrown by peat moss and the number of desmids was lower than in other peat bogs with acid pH.
CCA ordination
The preliminary Cyanobacteria CCA analysis was carried out on the basis of eight variables, shown in Table 2. The forward selection within CCA indicated that four environmental variables explained significant (P < 0.05) and independent amounts of variation in the Cyanobacteria distributions. The strongest variable was shading, followed by bedrock, altitude and pH. Kawecka (2003) and Novakova (2002) found out that different light conditions affect significantly the changes in the structure of benthic algae communities. The eigenvalues of the first two axes of the Cyanobacteria CCA analysis performed on the four variables mentioned above, were 0.876 and 0.811, respectively. The first axis explained statistically significantly 10.4% and the second one 9.7% of the Cyanobacteria community variance (P = 0.002). The speciesenvironment correlation was 0.99 for axis 1 and 0.98 for axis 2. The analysis showed that the main Cyanobacteria variation gradient depended on shading (Fig. 1) , which was strongly related to axis 1 (r = 0.97). Table 3. tal variables (nitrates, phosphates. . .) and in that case some other environmental variables could have been the strongest one.
Cluster analysis
We tried to separate groups in all three dendograms in the most reasonable way with the help of CCA analysis results. Four groups of samples could be distinguished from the dendrogram based on the hierarchical cluster of the Cyanobacteria data (Fig. 4) : I. -unshaded peat bogs, II. -partly shaded peat bogs, III. -shaded peat bogs (the bog I), IV. -sample taken on November 2005 at the bog of Mali plac in Ljubljana Marsh (no Cyanobacteria was found in this sample). The dissimilarity between groups was higher than 0.9. The results of Cyanobacteria CCA analysis revealed that the main factor influencing the Cyanobacteria communities in the examined bogs was shading by the surrounding vegetation.
Three groups of samples could be distinguished from the dendrogram based on the hierarchical cluster of the diatom data ( Fig. 5 ): I. -peat bogs on silicate, II. -the bog-lake Črno jezero and the bog of Mali plac (these two sampling sites differ from others in bigger depth of water column), III. -peat bogs on limestone. The dissimilarity between groups was higher than 0.7. The results of diatom CCA analysis also indicated that the bedrock is the main factor influencing the diatom communities in the studied peat bogs. Five groups of samples could be distinguished from the dendrogram based on the hierarchical cluster of the desmid data (Fig. 6 ): I. -peat bogs on silicate and limestone, II. -peat bogs on silicate, III. -samples taken in April and November at the bog I, IV. -samples taken in August and November at the bog of Mali plac in Ljubljana Marsh, V. -sample taken in January at the bog of Mali plac in Ljubljana Marsh (there were no desmids found in this sample). The dissimilarity between groups was higher than 0.9. It is evident from the dendrogram (Fig. 6 ) that temporal changes in the desmids commu- nity composition are larger than the spatial ones, which may indicate that the seasons are one of the key factors influencing the presence and distribution of desmids in peat bogs. The same could not be said of Cyanobacteria and diatoms, as the dendrograms (Figs 4, 5) clearly show that spatial changes in the Cyanobacteria commu-
